The RNA genome of avian leukosis viruses (ALV) appears to be replicated through a DNA intermediate (1) (2) (3) (4) (5) (6) (7) , see also refs. in 3). Previous findings from this laboratory have established that viral DNA complementary to RNA from avian myeloblastosis virus (AMV) was present not only in cells transformed by ALV but also, to a smaller extent, in DNA preparations from pooled, apparently normal, chicken embryos (1, 3, 4) . The specificity of the hybridization procedure and the nature of the DNA-RNA hybrids formed exclude the possibility that the hybrids result from short, accidentally similar, nucleotide sequences of the two nucleic acids. In this study, DNA was extracted from individual, apparently normal, chicken embryos and adult chickens and tested for its capacity to hybridize with AMV-RNA for determination of the proportion of chickens that contain viral DNA and the concentration of viral DNA per cell. Surprisingly, every chicken tested contained viral DNA. ferent types of chickens were used: (i) Chickens of the White Leghorn strain, cross K-137, obtained from Kimber Farms, Pomona, Calif. The background incidence of "spontaneous" leukosis in this strain was determined to be 8.2% by observation of untreated chickens for [8] [9] [10] [11] [12] months after hatching (8 (3) .
'H-Labeled 71S AMV-RNA. The preparation and purification of 'H-labeled AMV and of 71S RNA from purified AMY viruses have been described (3, 10) .
DNA-RNA Hybridization. The method of hybridization of 'H-labeled 71S RNA with DNA immobilized on nitrocellulose filters has been described (1).
Virus Production Test. Cell cultures from individual embryos were tested for ALV production by incubation of the cells for 10-16 hr in modified Eagle's medium containing 5% dialyzed calf serum, 5% dialyzed chicken serum, 1 ,M thymi-dine, and 10 ,uCi/ml of [5-8H] uridine (24-31 Ci/mmol) (10); labeled virions were detected as described (10 Fig. 1 . The specificity of the DNA-RNA hybridization reaction, already documented in previous publications (1) (2) (3) (4) Fig. 2 , there is no apparent loss of DNA-RNA hybrids from the filter.
For reference, one leukemic and one normal DNA preparation were used, and their viral DNA content was determined at saturation ( (12) , but they were not tested for virus production. Many other normal embryos, with up to 3.5 viral genome equivalents, were tested and did not produce virus.
The SPF-K-137 embryos that were not contaminated with ALV of groups A and B contained viral DNA but in reduced amount; they had a mean cellular concentration of 2.1 viral DNA equivalents with a range from 1.7 to 2.7 equivalents. Therefore, the selection for absence of contamination by ALV of groups A and B that may have led to a 40% reduction in the incidence of "spontaneous" leukosis also led to a reduction in the number of viral DNA equivalents per cell.
The cellular concentration of viral DNA in different K-137 leukemic chicks varied from 3.9 to 6.7 viral equivalents, with a mean of 5.8. The only leukemic SPF-K-137 chick tested contained 13 .1 viral DNA equivalents per cell.
After in vitro infection with ALV, fibroblasts from two SPF-K-137 chicken embryos contained more viral DNA (8.7 and 11.6 equivalents per cell) than infected K-137 fibroblasts (from 4.7 to 7.1 viral equivalents with a mean of 5.2). The presence of a greater amount of viral DNA in the SPF chickens might be linked to their greater susceptibility to AMV than the original K-137 strain; it has been repeatedly observed that they show an earlier and greater incidence of acute leukemia and their leukemic cells produce more AMV.
IV. Absence of correlation between expression of ALV group-specific (gs) antigen and cellular concentration of viral DNA Since the presence of gs-antigen in normal cells is thought to result from the partial expression of ALV genomes (13), it was possible that gs-antigen-negative embryos might not contain viral DNA. Therefore, two C/B gs-antigen-negative embryos from two sets of siblings, kindly supplied by Dr. R. Friis, as well as one gs-antigen-negative K-137 embryo, were tested. The results (Table 3) show that gs-antigen-negative embryos contained as much viral DNA as their gs-antigen-positive siblings, and that there was also no correlation between the amount of viral DNA present in a chicken embryo and the COFAL titer. Thus, either gs-antigen expression is controlled by a separate set of regulatory genes, or the viral DNA present in gs-antigen-negative cells lacks a functional gs-antigen gene, e.g., it might be an incomplete viral genome.
V. Amount of viral DNA in ALV-infected cultured cells
These experiments were performed to find out whether virus replication alone caused an increase in cellular viral DNA concentration or whether morphological transformation of the host cell was also required. Chicken embryonic fibroblasts infected with AMV become virus producers but are not morphologically transformed and continue to divide as fast, and Table 4 , the uninfected cultures contained 2.1-2.5 viral equivalents per cell even though they did not produce ALV, whereas the other cultures, whether infected with AMV or SR-RSV, contained 4.7-7.1 equivalents per cell. Therefore, viral DNA can be present in apparently normal cells that do not make virus; infection with AMV or SR-RSV increases the viral DNA concentration whether or not the cells are transformed.
DISCUSSION
Before this study, two types of untreated chicken embryos, with respect to viral DNA content, might have been thought to exist: (i) those which, because of congenital transmission of ALV by viremic hens, are virus producers and should contain as much viral DNA as experimentally infected chickens, and (ii) embryos that are not infected with ALV and should not contain viral DNA. Surprisingly, every one of at least 50 apparently normal chicken embryos that were individually tested contained viral DNA in amounts ranging from 1.7 to 4.6 viral genome equivalents per cell. Some of these embryos did not produce ALV and even some were gs-antigen negative. In addition, six healthy egg-laying adult hens that were tested in other experiments were also found to contain 2-3 viral equivalents per cell. By comparison, leukemic chicks or cells infected in vitro with AMV or SR-RSV had 4-13 viral DNA equivalents per cell.
The viral DNA that is present in apparently normal cells probably corresponds to complete viral genomes or large parts of them. As demonstrated (1, 4, 11, 14) , the DNA-RNA hybrids formed consist always of long nucleotide sequences, and the average nucleotide composition of the RNA eluted from the hybrids formed with DNA from some normal chicken embryos is nearly identical to that of the input AMV-RNA (11) . The best direct evidence, so far, that indicates that viral DNA represents complete or partial DNA copies of ALV genomes, is the acquisition of 3.4 viral DNA equivalents by rat embryonic cells infected with B-77 avian sarcoma virus. Before infection, such cells contained only 0.1 viral equivalent, i.e., 29 cpm above background (see Fig. 1 ). Also, viral DNA in leukemic cells that are transformed by AMV, or in cells transformed by SR-RSV, had the same average nucleotide composition as AMV or SR-RSV, respectively (2). It appears, therefore, that the increase in viral DNA, from 2-3 to 5-6 equivalents, after infection does not result from duplication of previously existing DNA that is naturally homologous to AMV-RNA. SPF chickens that are free of ALV of groups A and B and that develop 40% fewer spontaneous tumors than the original K-137 strain, contain significantly less viral DNA per cell, i.e., 2 instead of 3 viral equivalents. This suggests that viral DNA in normal cells may also be responsible for tumor induction.
The findings reported in this article agree with other reports, which attribute certain biological activities in normal cells to the expression of ALV genes. (i) The presence of an antigen that crossreacts with antibody against the ALV group-specific antigen (13); (ii) the synthesis of a small number of apparently noninfectious C-type virions in the pancreas and liver of leukosis-free embryos (15) and in the pancreas and ovary of healthy adult hens (16) ; (iii) the helper function without which RSV(0) cannot replicate (13) ; (iv) the production of RAV (Rous-associated virus)-60 that is induced by infection with RSV (17) , and probably by the same mechanism, the often noted. contamination of pure ALV stocks by other leukosis viruses; (v) by Dr. R. Friis (0 = no gs-antigen detected).
the induction of ALV production by methylcholanthrene, Viral Genes in Normal Cells 579 aging, or x-irradiation (13); and (vi) the spontaneous production of ALV in originally virus-free cultures (11, 18) .
It is possible that some chickens contain only partial copies of the viral genome, e.g., the helper function for RSV(0) can be expressed in cells that are gs-negative or which cannot be induced to produce RAV(0). Therefore, the finding that the guanine + cytosine content of viral DNA in some normal embryos differs slightly from that of AMV-RNA (4) may indicate a partial copy with a nucleotide composition different from that of the entire genome. On the other hand, some embryos must contain complete copies of ALV genomes, since ALV production can be induced in their explanted cells and, as mentioned earlier, the average nucleotide composition of the viral DNA in some normal embryos is nearly identical to that of AMV-RNA. The elucidation of the origin of viral DNA in normal chicken embryos may provide a clue to the role of RNA tumor viruses in oncogenesis. 
